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Hurricane Sandy 



Hurricane Sandy 

How is global warming affecting: 

Tropical cyclone frequency, 

intensity, genesis, track, and 

overall activity? 



Source:  NASA/GISS    http://data.giss.nasa.gov/gistemp/graphs/ 

Global Warming –  

Past Temperature Changes 



Outflow (“Exhaust”) 
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Energy Release 
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Global Warming and Hurricane Winds: 

Theory and Modeling Work Suggest ~1% Increase Today 



Global Warming and Hurricane Winds: 

Theory and Modeling Work Suggest ~1% Increase Today 

0.5-1.0 m/s of Katrina’s 75 m/s Winds 



Bender et al. (2010) 
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Slightly 

Stronger 

Hurricanes 



Knutson and  

Tuleya (2004) 



Tropical Convection Changing with Global Warming 

Johnson and Xie 2010 



Bender et al. (2010) 

Global Warming and Hurricanes: 

Theory and Modeling Work Suggest ~3% wind increase with a 

DECREASE in frequency by late 21st Century 

10 m/s 20 30 40 50 60 



Bender et al. (2010) 

Global Warming and Hurricanes: 

Theory and Modeling Work Suggest ~3% wind increase with a 

DECREASE in frequency by late 21st Century 

10 m/s 20 30 40 50 60 

Fewer Tropical 

Storms and 

Hurricanes 



Increased Wind Shear from Global Warming 

Vecchi and Soden (2007) 



“We demonstrate that 

climate models 

consistently project a 

decrease in the 

frequency and 

persistence of the 

westward flow that led 

to Sandy’s 

unprecedented track, 

implying that future 

atmospheric conditions 

are less likely than at 

present to propel 

storms westward into 

the coast.” 



NOAA Dork Logo 







Increases in personal wealth (people have more 

“stuff”, and larger homes to stow their stuff, etc.) has 

led to greatly increased damage from hurricanes. 







NORMALIZED DAMAGE… 

Estimated direct damage if past storms made 

landfall with present-day societal conditions 

 

ND = f(inflation, coastal population, wealth) 
Pielke and Landsea (1998) 
 
ND = f(inflation, coastal housing, wealth) 
Pielke et al. (2008)  



1926 Great Miami Hurricane 
$165 Billion Today                            

 

Wendler Collection 

Miami Beach 1926 

Joel Gratz © 2006 

Miami Beach 2006 





What does the Atlantic 

hurricane database 

(HURDAT) show for changes 

in time of tropical storm and 

hurricane numbers? 



“This record [of Atlantic 

tropical cyclone counts] … 

shows a strong, long-term 

relationship with tropical 

Atlantic August-October 

SST…The underlying 

factor appears to be the 

influence of (primarily 

anthropogenic) forced 

large-scale warming.” 

Linking Atlantic storm numbers to 

ocean temperatures 



A Typical Day in 2015 – 

Marine Data Available 

around 12 UTC 







A Typical Day in 2008 –

Marine Data Available 

around 12 UTC 



A Typical Day in 1915 – 

Marine Data Available 

around 12 UTC 



A Typical Day in 1911 – 

Marine Data Available 

around 12 UTC 



Atlantic Hurricane Database Re-Analysis Project 

"Florida's Hurricane History" 

http://www.aoml.noaa.gov/hrd/data_sub/re_anal.html 

1851 through 1955 changes accepted and officially 

adopted by NHC.  Revisions for 1956 to 1963 have 

been submitted and are being considered.  Remainder 

of 20th Century currently being reanalyzed. 

RE-ANALYSES NEED TO BE CONDUCTED 

GLOBALLY!!! 



Open Atlantic 

Ocean Differences 

 1933 Hurricane Season 

 2005 Hurricane Season 



Hurricane Database shows large 

– 50% - increase in hurricane 

numbers over a century 

4 

6 

Vecchi and Knutson 2011 – J. Climate 



Atlantic ship 

traffic changes 

Vecchi and Knutson (2008) 



7 
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After accounting for likely 

“missed” hurricanes because of 

lack of technology…hurricane 

numbers show no change or even 

slight decrease over a century 

Vecchi and Knutson 2011 – J. Climate 







 

Kossin and Vimont (2007) 

Atlantic Multidecadal Oscillation 

- SSTs, Vertical Shear and Cyclogenesis 



Enfield and Cid (2009) 

Residual Atlantic 

Multidecadal Oscillation 

North Atlantic SSTs and 

Quadratic Trend 



AMO Warm Phase AMO Cool Phase 





Warm 

Atlantic 

Phase 

Remains 

Thus Far… 

 

Expectation 

for Active 

Hurricane 

Seasons 

Overall to 

Continue 



Enfield and Cid (2006) 

Chance to 

Switch Back to 

AMO Quiet 

Period 



Enfield and Cid (2006) 

Chance to 

Switch Back to 

AMO Quiet 

Period 

~10% Chance 

In 2015 



Enfield and Cid (2006) 

Chance to 

Switch Back to 

AMO Quiet 

Period 

~65% Chance 

By 2025 



Frequency:  Numbers may see a moderate decrease (~25%) 

 

Wind Intensity:  Small increase (~3% stronger) 

 

Storm Surge:  Small increase (~3% higher) produced by the  

  hurricane (must also add on additional amount from  

  general sea level rise) 

 

Rainfall:  Moderate increase per tropical storm and hurricane (~10% within  

  200 mi of storm), but reduced frequency may offset increases 

 

Genesis:  Tropical storms and hurricanes to form slightly farther away from  

  North America 

 

Track:  Tropical storms and hurricanes to recurve slightly more often  

  over water and remain  away from land 

 

Overall Tropical Storm and Hurricane 

Changes Due to Global Warming by 2100 



http://www.aoml.noaa.

gov/hrd/Landsea/gw_

hurricanes/index.html 

Opinion Piece on 

Hurricanes and 

Global Warming 



Hurricanes and Climate Change –  

Expectations Versus Observations 

1. Relatively minor manmade hurricane changes decades 

into the future 
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Hurricanes and Climate Change –  

Expectations Versus Observations 

1. Relatively minor manmade hurricane changes decades 

into the future 

2. Huge decadal scale hurricane variations occurring 

today 

3. Huge vulnerability issues today, which will get 

increasingly severe as population grows 

4. Need to address vulnerability issues now (no need to 

invoke possible minor changes decades from now): 

a. Improved hurricane observational network 

b. Improved hurricane modeling/forecasting 

c. Improved building codes/land use 

d. Improved evacuation/shelter plans 
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Maximum Potential Intensity Change 

Atlantic Basin:  +1% stronger per oC SST change 

Vecchi and Soden (2007) 

 



Merging paleotempestology (sediment core records) 

with modern hurricane data 

Mann et al. (2009) 




